The spatial patterns of rural settlements are important for understanding the drivers of land use change and the relationship between human activity and environmental processes. It has been suggested that the clustering of houses decreases the negative effects on the environment and promotes the development of the countryside, but few empirical studies have quantified the spatial distribution patterns of houses. Our aim was to explore the regional differences in rural settlement patterns and expand our understanding of their geographic associations, and thus contribute to land use planning and the implementation of the policy of "building a new countryside". We used spatial statistical methods and indices of landscape metrics to investigate different settlement patterns in three typical counties within different environments in Jilin Province, Northeast China. The results indicated that rural settlements in these three counties were all clustered, but to a varied degree. Settlement density maps and landscape metrics displayed uniformity of the settlement distributions within plain, hill, and mountainous areas. Influenced by the physical environment, the scale, form, and degree of aggregation varied. Accordingly, three types of rural settlements were summarized: a low-density, large-scale and sparse type; a mass-like and point-scattered type; and a low-density and high cluster-like type. The spatial patterns of rural settlements are the result of anthropogenic and complex physical processes, and provide an important insight for the layout and management of the countryside.
Introduction
Rural development has been highlighted in the form of policy with the industrialization and urbanization of a country reaching a certain stage. For example, the "Rural White Papers" of England, Scotland, and Wales were comprehensive reports of the governments' policies on issues relating to rural areas [1] . In the 1970s, the "New Countryside Campaign" was carried out by South Korea to accelerate the development of rural areas [2] . For China, since the opening up policy of 1978, and the economic development and urbanization that followed, a series of rural problems have come out, including: the shrinking of cultivated land, the inefficient and extensive utilization of resources, small-scale and disorderly distributions of rural settlements, the hollow village problem, etc. [3] . All of these widened the income gap between rural and urban residents, and led to a weak foundation of the agricultural sector for speeding up regional development [1] . Under the circumstances, the "building a new countryside" strategy was laid out by the central government of China, which expected to solve base of China. A study on its rural settlements is useful for regional land management and economic development. In this paper, three typical counties, Tongyu, Dehui, and Antu, were selected from different regions as study areas.
Located in western Jilin Province, Tongyu extends from 44 • 13 57 N to 45 • 16 N in latitude and from 122 • 02 13 E to 123 • 30 57 E in longitude, with a territory of 8459 km 2 . The climate is characterized by a temperate continental monsoon with four distinct seasons. The average annual temperature is 5.1 • C, and extreme temperatures range from−32 • C to 38.9 • C. The mean annual precipitation amounts to 400-500 mm, 70-80% of which is concentrated in the summer season. Accordingly, mean annual evaporation is up to 1500-1900 mm. Its landform is generally similar to a dustpan, because its eastern, southern, and western parts are comparatively higher than its northern part.
Sustainability 2017, 9, 2170 3 of 16 of China. A study on its rural settlements is useful for regional land management and economic development. In this paper, three typical counties, Tongyu, Dehui, and Antu, were selected from different regions as study areas. Located in western Jilin Province, Tongyu extends from 44°13′57″N to 45°16′N in latitude and from 122°02′13″E to 123°30′57″E in longitude, with a territory of 8459 km 2 . The climate is characterized by a temperate continental monsoon with four distinct seasons. The average annual temperature is 5.1 °C, and extreme temperatures range from−32 °C to 38.9 °C. The mean annual precipitation amounts to 400-500 mm, 70-80% of which is concentrated in the summer season. Accordingly, mean annual evaporation is up to 1500-1900 mm. Its landform is generally similar to a dustpan, because its eastern, southern, and western parts are comparatively higher than its northern part. Dehui is situated in the middle of Jilin province (125°45′E to 126°23′E, 43°32′N to 44°45′N), covering an area of approximately 3435 km 2 . The elevation ranges from 149 m to 241 m, dropping slightly from the south to the north and fluctuating from east to west across the study area. The Songhua River, Yitong River, Yingma River, and Wukai River run through the middle of Dehui. It has a semi-humid, continental, monsoon-type climate with an annual mean temperature of 4.4 °C, and an annual average precipitation of 530 mm. Dehui is one of the best agricultural demonstration regions in Jilin Province, with farmland accounting for 70% of the total land [29] .
Antu is located in the east of Jilin Province and covers an area of 7438 km 2 . The topography fluctuates across the study area, with a relative elevation of 2357 m, and drops from southeast to northwest, showing the characteristics of a narrow strip. There are convenient traffic conditions here, and the Minglong highway runs from north to south. Antu is rich in forests, water, and mineral resources, and the tourism industry developed quickly based on the scenic Changbai Mountains.
Interpretation of Rural Settlements
To establish the land use data sets, a total of six scenes of Landsat OLI images (30 m spatial resolution) were used for the land use classification in 2015. All of the images used in the classification The elevation ranges from 149 m to 241 m, dropping slightly from the south to the north and fluctuating from east to west across the study area. The Songhua River, Yitong River, Yingma River, and Wukai River run through the middle of Dehui. It has a semi-humid, continental, monsoon-type climate with an annual mean temperature of 4.4 • C, and an annual average precipitation of 530 mm. Dehui is one of the best agricultural demonstration regions in Jilin Province, with farmland accounting for 70% of the total land [29] .
To establish the land use data sets, a total of six scenes of Landsat OLI images (30 m spatial resolution) were used for the land use classification in 2015. All of the images used in the classification were false colors composed of four, three, and two bands using the RGB method, and georeferenced to 1:100,000 relief maps using at least 20 ground control points (GCPs) for each scene. The root mean squared error (RMS error) of the geometric reference was controlled within 1.5 pixels.
Land use classified data of the study area were obtained by the object-oriented classification (using eCognition 8.64 software [30] ) combined with the nearest neighbor classifiers and visual interpretations (Figure 2) . First, multi-resolution segmentation was used to process the Landsat OLI imageries, and then, the images were grouped into homogeneous pixels representing individual objects [31] . In this process, the scale, shape, and compactness were selected as image segmentation parameters. We classified image objects into different classes using the nearest neighbor classifiers and visual interpretation after segmentation. In our study, there were eight aggregated classes of land use types: rural settlement, urban built-upland, cropland, forestland, grassland, wetland, water body, and barren land. The overall accuracy of the land use maps interpreted from remote sensing images exceeded 90% (91.3% for Tongyu, 91.5% for Dehui, and 90.9% for Antu, respectively). The results indicated that 99% of the polygon boundaries showed a shift of less than 1.5 pixels (45 m) from the real boundary. were false colors composed of four, three, and two bands using the RGB method, and georeferenced to 1:100,000 relief maps using at least 20 ground control points (GCPs) for each scene. The root mean squared error (RMS error) of the geometric reference was controlled within 1.5 pixels.
Land use classified data of the study area were obtained by the object-oriented classification (using eCognition 8.64 software [30] ) combined with the nearest neighbor classifiers and visual interpretations (Figure 2) . First, multi-resolution segmentation was used to process the Landsat OLI imageries, and then, the images were grouped into homogeneous pixels representing individual objects [31] . In this process, the scale, shape, and compactness were selected as image segmentation parameters. We classified image objects into different classes using the nearest neighbor classifiers and visual interpretation after segmentation. In our study, there were eight aggregated classes of land use types: rural settlement, urban built-upland, cropland, forestland, grassland, wetland, water body, and barren land. The overall accuracy of the land use maps interpreted from remote sensing images exceeded 90% (91.3% for Tongyu, 91.5% for Dehui, and 90.9% for Antu, respectively). The results indicated that 99% of the polygon boundaries showed a shift of less than 1.5 pixels (45 m) from the real boundary. 
Spatial Statistic Method
Using data of rural settlements interpreted from Landsat imagery, the central points of rural settlements were extracted. We used spatial statistic methods, such as Ripley's K, kernel density estimation (KDE), and Getis-Ord General G methods to interpret the spatial distribution, spatial variation, spatial agglomeration, and other heterogeneous characteristics of the rural settlements in the study area. These calculations were realized using the GIS software ArcGIS 10.3.
Ripley's K function is a tool used to characterize the strength of spatial dependence at multiple scales in a spatial pattern. The K function has been widely used to identify clustering, randomness, or regularity among events in a spatial point pattern [32] . The formula is as follows: 
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where A is the area of the study region, n is the number of settlements, d represents the spatial scale,
is a weight, d ij refers to the distance between settlement i and settlement j, and
In order to achieve the linearly-expected value and stability of the standard deviance,
, whose expected value is zero under the assumption of a totally random spatial distribution [33] . The KDE calculates the density of features in a fixed neighborhood around those features ( Figure 3 ). The distance from the point to the reference position is calculated using the mathematical function to obtain the sum of all of the surfaces in the reference position and the peaks and kernel of these points are established to produce a smooth and continuous surface. 
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where f(x,y) is the estimated density at position (x,y), n is the number of observation points, h represents the bandwidth parameter, K is a kernel function, and di represents the distance from position (x,y) to observing position i. Getis-Ord General G is used to measure the concentration of high or low values for a given study area. The formula is given as follows:
where Xi and Xj are attribute values for settlements i and j, respectively; Wij(d) refers to the spatial weight between settlement i and j; and n is the total number of settlements in the study area.
Z(G) is the result of the normalization of G(d); E(G) and Var(G) denote the expected value and variance of G(d), respectively. If G(d) is higher than E(G) and Z(G) is significant, high-value in the study area shows a clustering characteristic; if G(d) is lower than E(G) and Z(G) is significant, a low-value cluster
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where f(x,y) is the estimated density at position (x,y), n is the number of observation points, h represents the bandwidth parameter, K is a kernel function, and d i represents the distance from position (x,y) to observing position i. Getis-Ord General G is used to measure the concentration of high or low values for a given study area. The formula is given as follows:
where X i and X j are attribute values for settlements i and j, respectively; W ij (d) refers to the spatial weight between settlement i and j; and n is the total number of settlements in the study area. Z(G) is the result of the normalization of G(d); E(G) and Var(G) denote the expected value and variance of G(d), respectively. If G(d) is higher than E(G) and Z(G) is significant, high-value in the study area shows a clustering characteristic; if G(d) is lower than E(G) and Z(G) is significant, a low-value cluster appears in the study area; and if G(d) approaches E(G), variables in the study area display a random distribution.
Indices of Landscape Metrics
The landscape metrics were calculated using the Patch Analyst module of the ArcGIS system. The definitions of various patch metrics were given by FRAGSTATS [34] .
The spatial distribution of rural settlements was described quantitatively by several indices, because no single metric can capture the complexity of the spatial arrangement of the settlements [35] . When working with landscape metrics, those indicators relevant for the problem under investigation with a small correlation can be considered [36] . In this analysis of the spatial characteristic of rural settlement metrics at the class level, six indices were selected: the average nearest-neighbor index (ANN), mean patch size (MPS), patch size standard deviation (PSSD), patch size coefficient of variation (PSCV), landscape shape index (LSI), and patch cohesion index (PCI). All of these metrics describe the heterogeneity and complexity of settlements within the landscape [32] . The vector data of rural settlements in study area were converted to grid data and all of the landscape metrics were realized in the patch analysis module of ArcGIS 10.3. The formula and description of the indices are as follows (Table 1) : Table 1 . The formula and description of the indices.
Landscape Metric Abbreviation Description Unit
Average NearestNeighbor Index ANN
where d i is the distance between two rural points; A is the total area of the landscape, and N is the total number of patches. The standard deviation of patch size in the entire landscape.
where A is the total area of the landscape and N is the total number of patch edges, a ij is the area of path ij. A modified perimeter-area ration of the form:
where E is the total length of patch edges and A is the total area of the landscape.
unitless Patch Cohesion Index PCI
where p ij is perimeter of habitat patch ij, a ij is area of patch ij, and A is total of the landscape. 
Results
The landscape metrics of rural settlements in the study area are illustrated in Table 2 . 
The Spatial Pattern of Rural Settlements
The landscape metric ANN, Ripley's L(d) function, and kernel density estimation methods were used to describe the characteristics of the spatial distribution of rural settlements ( Table 2) .
ANN was used to describe the spatial distribution pattern of rural settlements. If ANN is smaller than1, rural settlements show an agglomerated distribution; on the contrary, rural settlements display a random distribution. In this study, the ANN values are 0.72, 0.84, and 0.51 for Tongyu, Dehui and Antu, respectively, showing a significant agglomerated distribution at the 0.1 level.
The results of the analyses of Ripley's L(d) function are shown in Figure 4 . The curve shows that the degree of the cluster of rural settlements of Antu is the highest, and the value of Tongyu is next. The L(d) curves for Antu and Dehui are all positive values, suggesting a higher agglomerated degree, even at the larger scale. However, there are still changes in the agglomeration level of rural settlements at smaller scales. The curve of Antu county showed two peaks (appearing at approximately 20 km and 80 km), indicating that the radiation effects of towns were obvious and rural settlements grew around two important towns. The L(d) curves of Dehui county maintained a rising trend over 0-35 km, reached a maximum at 35 km, and changed slightly, indicating that the agglomeration level firstly increased, and then remained smooth as the distance increased. The L(d) curve of Tongyu county had a similar trend as that of Dehui, but showed clustered characteristics within 105 km, and separated characteristics over this distance. 
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The mean values of the kernel density for Tongyu, Dehui, and Antu were 0.22, 0.32, and 0.21, and the standard deviations of KDE were 0.07, 0.26, and 0.11, respectively, showing that the settlement density of Dehui was larger, and the rural settlements in Tongyu were relatively uniform. The maps of KDE for the three counties looked very different ( Figure 6 ). Influenced by the distribution of sandy land and salinized land, settlements distributed in Tongyu were sparse, and the density value was lower, especially in the northwest and southern parts (Figures 2 and 6 ). There were many cluster centers in Dehui; therefore, the overall density value was higher. For Antu, the physical conditions in the mountainous area limited the distribution of rural residents, and the higher density values were presented as strips along the valley and main roads, leading to significant heterogeneity of the rural density. The mean values of the kernel density for Tongyu, Dehui, and Antu were 0.22, 0.32, and 0.21, and the standard deviations of KDE were 0.07, 0.26, and 0.11, respectively, showing that the settlement density of Dehui was larger, and the rural settlements in Tongyu were relatively uniform. The maps of KDE for the three counties looked very different ( Figure 6 ). Influenced by the distribution of sandy land and salinized land, settlements distributed in Tongyu were sparse, and the density value was lower, especially in the northwest and southern parts (Figures 2 and 6 ). There were many cluster centers in Dehui; therefore, the overall density value was higher. For Antu, the physical conditions in the mountainous area limited the distribution of rural residents, and the higher density values were presented as strips along the valley and main roads, leading to significant heterogeneity of the rural density. Figure5. Standard deviations of kernel density estimation (KDE) for different bandwidths in the three counties.
The mean values of the kernel density for Tongyu, Dehui, and Antu were 0.22, 0.32, and 0.21, and the standard deviations of KDE were 0.07, 0.26, and 0.11, respectively, showing that the settlement density of Dehui was larger, and the rural settlements in Tongyu were relatively uniform. The maps of KDE for the three counties looked very different ( Figure 6 ). Influenced by the distribution of sandy land and salinized land, settlements distributed in Tongyu were sparse, and the density value was lower, especially in the northwest and southern parts (Figures 2 and 6 ). There were many cluster centers in Dehui; therefore, the overall density value was higher. For Antu, the physical conditions in the mountainous area limited the distribution of rural residents, and the higher density values were presented as strips along the valley and main roads, leading to significant heterogeneity of the rural density. 
Scale Distribution Characteristics of Rural Settlements
Three landscape indices, i.e., MPS, PSSD, and PSCV, and the Getis-Ord General G approach were employed to analyze the patterns of the scale distribution of rural settlements for these three counties ( Table 2) .
The MPS was 27.44 ha, 16.55 ha, and 10.08 ha for Tongyu, Dehui, and Antu, respectively, indicating the largest scale and lowest fragmentation of rural settlements in Tongyu. The PSSD of Antu was only 0.16, the smallest among the three counties, showing a largest landscape heterogeneity of rural settlements. We also calculated the PSCV for the three counties. We can see that the PSCV of Antu was larger than those of the other two counties, which indicates that the dispersion around the mean of the rural settlements in Antu was large.
Taking the area of rural settlements as the evaluated field, the clustering condition of high or low value was calculated by the Getis-Ord General G approach. The calculation results are shown in Table 3 . We can see that the G(d) value of rural settlements in Tongyu and Antu was higher than the G(e) value, and their Z(G) values were all positive, indicating high value clustering for these two counties. The possibility of being influenced by a random process in these two counties was no more than 1%. For Dehui, the value of G(d) was equal to G(e), and the possibility that was influenced by a random process was 1.6%, showing there was no obvious phenomenon of gathering towers of large-scale settlements. Table 3 . Estimation of Getis-Ord General G for rural settlements. 
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Morphological Characteristics of Rural Settlements
We used LSI and PCI as the qualitative metrics to compare the morphological difference of rural settlements ( Table 2 ). The LSI measured the irregularity or complexity of the morphology of rural settlements. Among the three counties, the LSI of rural settlements in Dehui was the highest (the value was 78.43), and that of Antu was the lowest (the value was 39.69), showing that the morphology of rural settlements in Antu was regular and simple. The PCI value reflected the level of connection or continuity. The PCI of rural settlements for Tongyu was slightly higher (the value was 99.86) than that of the other two counties. The relatively higher PCI value indicated there were good connections and integration for settlements in Tongyu. The fragmented patches and disconnection of rural settlements decreased the value of the patch cohesion index of Antu.
GeographicAssociation
In terms of the spatial pattern of rural settlements, we learned that settlements in the three counties were all clustered. We analyzed the association between its pattern and geographic factors by landscape metrics. When the landscape metrics were used to characterize the rural settlement patterns, different features became apparent.
The influence related to terrain was obvious (Figures 7 and 8 ). Due to the flat terrain and relatively small fluctuation, the influence of terrain was comparatively weak. All of the rural settlements were distributed within 200 m of elevation and a 5 degree slope, while the Tongyu settlements of Dehui were concentrated within 300 m elevation and 10 degree of slope, showing the opposite trend to terrain changes. Located in the mountainous area, the settlements of Antu represented obvious geographical differences. The number, area, and shape indices of settlements for Antu changed differently within and outside of the 800 m elevation range, showing a trend of rising first, and then decreasing. About 95% of the number and area were concentrated in the elevation range between 300 and 800 m. The number of patch (NP), patch area (PA), and MPS of Antu decreased when the slope increased. The influence brought by rivers is very complex (Figure 9 ). Theoretically, a water source is an important factor affecting the distribution of rural settlements in Tongyu because of the dry climate, but the number, area, and mean size of settlements increased when far away from the river. The number and area of settlements 6 km away from the river accounted for 79% and 77% of the total, respectively. For Dehui, the peak value for settlements distribution appeared in the 6-10km distance range from the river, with the number and area decreasing within, or outside, of this distance. Compared with the settlement patterns of Tongyu, that of Antu showed a reverse trend, that is, the closer to the river, the more residents. The percentages of the number and area of settlements within 2 km of rivers were 50.16% and 69.58%, respectively. The influence brought by rivers is very complex (Figure 9 ). Theoretically, a water source is an important factor affecting the distribution of rural settlements in Tongyu because of the dry climate, but the number, area, and mean size of settlements increased when far away from the river. The number and area of settlements 6 km away from the river accounted for 79% and 77% of the total, respectively. For Dehui, the peak value for settlements distribution appeared in the 6-10km distance range from the river, with the number and area decreasing within, or outside, of this distance. Compared with the settlement patterns of Tongyu, that of Antu showed a reverse trend, that is, the closer to the river, the more residents. The percentages of the number and area of settlements within 2 km of rivers were 50.16% and 69.58%, respectively. The influence brought by rivers is very complex (Figure 9 ). Theoretically, a water source is an important factor affecting the distribution of rural settlements in Tongyu because of the dry climate, but the number, area, and mean size of settlements increased when far away from the river. The number and area of settlements 6 km away from the river accounted for 79% and 77% of the total, respectively. For Dehui, the peak value for settlements distribution appeared in the 6-10 km distance range from the river, with the number and area decreasing within, or outside, of this distance. Compared with the settlement patterns of Tongyu, that of Antu showed a reverse trend, that is, the closer to the river, the more residents. The percentages of the number and area of settlements within 2 km of rivers were 50.16% and 69.58%, respectively. When the landscape index was examined by road transects, we find that the curves of NP and PA for the three counties have similar downward trends when far away from the roads, while that of the LSI showed the opposite (Figure 10 ). The MPS of Tongyu was the highest among the three counties, and that of Dehui fluctuated slightly across the whole scale of the research.
The landscape shape index was quite variable across the three counties, with an opposite trend compared with NP, PA, and MPS analyzed by slope, proximity to rivers, and roads. A regional universal characteristic is that the greater the slope, the greater the index, and the farther away from the road, the greater the index. When the landscape index was examined by road transects, we find that the curves of NP and PA for the three counties have similar downward trends when far away from the roads, while that of the LSI showed the opposite (Figure 10 ). The MPS of Tongyu was the highest among the three counties, and that of Dehui fluctuated slightly across the whole scale of the research. When the landscape index was examined by road transects, we find that the curves of NP and PA for the three counties have similar downward trends when far away from the roads, while that of the LSI showed the opposite (Figure 10 ). The MPS of Tongyu was the highest among the three counties, and that of Dehui fluctuated slightly across the whole scale of the research.
The landscape shape index was quite variable across the three counties, with an opposite trend compared with NP, PA, and MPS analyzed by slope, proximity to rivers, and roads. A regional universal characteristic is that the greater the slope, the greater the index, and the farther away from the road, the greater the index. The landscape shape index was quite variable across the three counties, with an opposite trend compared with NP, PA, and MPS analyzed by slope, proximity to rivers, and roads. A regional universal characteristic is that the greater the slope, the greater the index, and the farther away from the road, the greater the index.
In order to further analyzethe association between rural settlements and geographic factors, we conducted some correlation analyses between the settlement patterns and influencing factors at the test sites. In Tongyu, only the relationship between the settlement density and slope was statistically significant (Table 4 ; the total estimated settlement points in Tongyu was 666). The density of settlements in Dehui covaried positively with the elevation, slope, and proximity to water but covaried negatively with proximity to roads (the statistical number was 1793). For Antu (the statistical number was 581), the density of rural settlements was negatively correlated with DEM and the proximity to rivers and roads. The correlation coefficients were −0.411, −0.27, and −0.135 respectively, which was significant at the 0.01 level. 
Discussion
This paper compared the spatial distribution patterns of rural settlements in different regions, and studied the relationships between the rural settlement distribution and DEM, slope, distance to river, and road. These aspects of the paper provide a valuable contribution to our understanding of geographic dependence on the human landscape, which count a great deal towards formulating rural community planning according to local conditions.
Spatial Pattern of Rural Settlements
We found that the density value in the middle part of Jilin province, typified by Dehui, was higher than the west and east parts of Jilin province because of substantially intensive agricultural use in this area. The west of Jilin province was one of the most important agricultural and livestock areas, but soil in this area was poor, and sandy land and salinized land were serious issues. The physical environment made a high density of rural settlements here impossible. For the eastern part, the physical conditions of the mountainous area limited the distribution of rural settlements, which brought a lower density and higher PSCV. The MPS of Tongyu (the value was 27.44 ha) was the highest among the three studied counties, even higher than the MPS of northeast China (the value was 21.46 ha [20] ), indicating that the distribution of rural settlements tended to have a larger scale, but the larger PSSV showed a relatively large scale gap.
In terms of the spatial pattern of rural settlements, we found that settlements in the three counties were all clustered. This is good news from habitat conservation and countryside planning standpoints, because it limits habitat loss [37] . Still, settlement clusters were not randomly located, and occurred largely within close proximity to better amenities and good environments. For example, in Antu, more settlements were distributed close to rivers than farther away ( Figure 9 ). This is troublesome, because there is intensive human activity in important ecosystems for many species that are easily damaged. Previous research studies also demonstrated that clustered settlements in artificial landscapes led to lower levels of habitat loss [37, 38] . Therefore, our results suggested that not only the pattern of rural settlements, but also the location of the clustering, should be considered during conservation planning and countryside management. Thus, clusters must be located away from particularly sensitive and important habitats. In reality, the settlement patterns are very complex, and the measures seem to be more sensitive to the scale of analysis than what appears to be a centralized pattern to one better described as dispersed in other contexts [12] .
Previous studies showed the rural settlements were agglomerated at a smaller scale (within 63 km [21] ) or finer scale [37] when using Ripley's K function. However, in our study, at the county scale, rural settlements showed clustering characteristics at a larger scale (over 100 km). We thought the results reflected the regional differences, to a certain extent.
Geographic Association
The clustering of settlements may result from many factors. The localized distribution of resources and the emergence of political or regional centers have often been highlighted [12] . In reality, the determinants varied because of the analytical resolution and the size and shape of the study area [12] . All of the factors can be divided into two types: physical factors and socioeconomic factors. The rural settlement patterns were the result of combined physical and socioeconomic factors [39] . Natural geographic conditions were the direct driving factor of the location and layout of rural settlements, while socioeconomic factors were considered decisive driving factors that determine the degree and speed of rural settlement development [40] .
Among all of these factors, the terrain factors and river were taken as the leading physical factors [40] . Socioeconomic conditions, including traffic location, policies, the level of economic development, and the size and structure of the village population all have great influences on the layout and development of rural residential areas. As demonstrated by previous studies, the regional location of the rural settlements was determined by the influences exerted spatially outside of that site, e.g., the latitude, annual mean precipitation, annual mean temperature at a large scale, topography, and the distance to water and roads at a small scale [20] . Tian found that DEM, annual mean temperature, annual mean precipitation, and latitude were all factors influencing the distribution of rural settlements in northeast China [20] . On a county scale, the spatial pattern of rural settlements was more likely associated with terrain, proximity to water and roads, and agriculture suitability [41] . After referring to previous research results and the regional conditions, we selected DEM, slope, and distance to water and roads to capture the geographic associations with the distribution of rural settlements.
We found that there was obvious heterogeneity for geographic dependence on the human landscape. In our study, for example, settlement patterns of Tongyu were not determined predominantly by the proximity of neighbors, while those of Antu and Dehui were more closely correlated with physical factors. For Dehui, settlements were regularly distributed near the rivers, but were clustered far from them. This is very different from the river inclination of rural settlements in previous studies [37, 41] . We speculate that due to the risk of flooding, settlements near the river were more sparse. However, for Antu, a mountainous county, more rural settlements were concentrated in the valley, within close proximity to the river. Dehui and Antu showed a closer relationship with physical factors, but represented different associations. All of these reflected the basis of the regional gradient of plain-hill-mountain.
Roadswere taken to be information landscape corridors between rural settlement landscapes, as well as between rural settlement landscape and other landscapes. Previous studies showed that there was significant positive correlation between transportation land areas and rural settlement areas [39, 42] . On the one hand, with the economic developments, the distribution pattern of residential settlements directly affects the direction and flow of traffic lines. On the other hand, the distribution of traffic lines will change the spatial distribution of settlement structures.
More and more farmers prefer to dwell in the places that have convenient transportation [39] . In our study, the landscape indices of rural settlements in different buffer rangesnear roads were counted, and we found similar trends across the three counties: the closer to the road, the larger the number and area of rural settlements. However in Tongyu, correlation analysis showed that the correlation between rural patterns and road distance was not significant. According to the study results of Li [42] , rural settlements and arable land showed an obvious symbiotic relationship. In Tongyu, land desertification and salinization changed the distribution pattern of arable land, and thus influenced settlement patterns, which represents the impact of agricultural suitability and the environmental adaptability of rural settlement patterns.
Distribution Pattern of Rural Settlements and Implications for Land Use Planning
According to the characteristics of the density, scale, and landform of rural settlements, we generalized three distribution patterns for the west, middle and east of Jilin province. Pattern 1, represented by Tongyu, located in the west of Jilin province, is one of the most important agricultural and livestock areas. The physical environment for this region is characterized by flat alluvial plain, a semi-arid continental climate, lower precipitation, intensive evaporation, and poor soil conditions, resulting in serious desertification and salinization, and relatively low land productivity. The rural settlements in this region were relatively homogeneous and sparse, with obvious high-value clustering, indicting a larger scale. We labeled it the low-density, large-scale, and sparse type. For this type, we must fully consider the radiation of the regional center and ecological security, adjust the rural structure, and optimize the spatial layout. These goals can be realized by demolishing abandoned rural settlements and consolidating the scattered settlements.
Pattern 2, represented by Dehui, which is one of the major grain production bases in China, is located in the black soil zone, and has a relatively flat alluvial and diluvial platform, fertile soil, a better environment, and higher land productivity. Many people live here, and the density of rural settlements is higher. We labeled it the mass-like and point-scattered type. For this type, we should form a development pattern with multiple centers, adjust the scattered and extensive land use, tap the internal potential of rural settlements, utilize the land in an economical and intensive way, reclaim the abandoned homestead, and consolidate the rural settlements in an orderly fashion. Pattern 3, represented by Antu, is called the Changbai mountain region, and is constituted by mountains and hills. Most of the scenery of this region is beautiful, so tourism has been developed. Limited by terrain, rural settlements in this region are centralized upon roads lying in the valley. The rural settlements were labeled as the low-density and high cluster-like type. For this type, we should improve the traffic conditions, strengthen the structure of public service facilities, make full use of the radiation effect of towns, and make reasonable planning and layouts for rural settlements.
Conclusions
In this research, we compared the regional differences of rural settlements by several methods, and explored the geographic associations of settlement patterns. Our study shows that the rural settlements in three counties were all clustered, but there are different characteristics in the aspects of concentration scale, distribution density, landscape morphology, and so on. Different geographic associations were the basis of the regional gradient of plain-hill-mountain. Three patterns of rural settlements representing characteristics of different regions were summarized, and measures were put forward according to the patterns. It is expected that the studied results will be useful for land use planning and the implementation of the regional policy of "building a new countryside".
We should note that there are limitations of the study presented in this paper. For example, the results we obtained were restricted to the spatio-temporal scale of the data; the geographical determinants associated with spatial patterns we considered were only at a regional scale, and over one year. In addition, the study is static, and the settlement development over time was not taken into account. We used only morphological data-the distance from road and water-to quantitatively analyze the spatial characteristics of rural settlements in the studied counties. Other determinants, including physical and social variables, such as geology, land use, land cover, climate variables, the distance to natural amenities, and hazards, should be considered in the future. Furthermore, it is important to understand how to couple social and economic factors to build optimal regulation models.
